In this special issue, published in two parts, Eurosurveillance has presented a series of articles from countries in Europe, Australia and Canada, describing their various experiences with the introduction of vaccine registers [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] . Vaccine registers are population-based systems that contain core individual-level information on the population, together with information on immunisation status -usually for the childhood vaccination programmes. These systems are linked to a variety of programme management, surveillance and research tasks [1] .
The lessons outlined in this special issue of Eurosurveillance illustrate the many potential opportunities of such systems and some of the challenges and the alternatives that may be available (Table) .
There are a series of core attributes for any successful national vaccine register. Firstly, accurate and upto-date ascertainment of individual-level demographic data of the population of interest is needed, as these constitute the denominator for calculation of coverage data. A small number of countries illustrate how this has been achieved through access to their national administrative population or universal healthcare registers based on personal identifiers/health numbers (2-4,7). Some of the systems presented are able to electronically transfer this population data in real-time and can automatically take into account new births, families moving address, children dying etc. Such innovations can help to minimise some of the traditional denominator problems of ghosting and unregistered populations. Secondly, information on vaccine status (numerator data) on this population needs to be both accurate and complete. Examples are provided of vaccine programmes using barcodes on vaccine vials, which can be used to record information on vaccine dose, batch number and name, thus reducing data entry time and errors [6, 11] . Thirdly, register systems need to be flexible as national vaccine programmes are continuously evolving, with the introduction of new vaccines and changes in current childhood immunisation programmes. The registers are able to adapt to such changes. Finally, as personal identifiable data are required, which is highly sensitive, the importance of developing robust data security and confidentiality mechanisms to protect these systems are highlighted by L Trogstad et al. [2] .
The articles illustrate how vaccine registers can be used both as a management tool and for surveillance purposes. As a management tool, countries show how they have used registers to deliver their immunisation programmes. Examples are provided how they can be used to purchase vaccines and monitor supply [3, 8] ; how they can function as patient call-recall systems -producing invitation and reminder letters [3, [5] [6] [7] [8] ; how they can provide certificates of vaccination for patients [2] and also how they can be linked to incentive schemes for health practitioners [7] .
Vaccine registers can also be used as important surveillance tools to monitor national immunisation programmes. Data from such systems can be used to monitor vaccine uptake from national through to local level. This can identify unvaccinated sub-populations (whether by age, geography or particular risk group) and to ensure vaccine uptake is optimal in these pockets. The availability of unique personal identifiers provides the opportunity to link vaccine registers to disease registers and thus identify specific health outcomes. This provides the ability to evaluate the vaccine effectiveness and to investigate vaccine safety signals of existing and new vaccine programmes. Finally, there are examples of these systems being used to answer specific research questions, seeking informed consent from individuals on the national register to take part in vaccine trials or questionnaire surveys [3] .
The challenges of developing such national systems are outlined. Firstly, the development of such systems is a significant undertaking, not least from the IT perspective, requiring substantial investment and careful planning. Secondly a number of countries have decentralised health structures, which create difficulties in establishing such a national register. Some [9] . Finally, the role of the private sector in vaccine delivery in some settings (as opposed to the central purchase of vaccine by the public sector) can provide a challenge to properly estimating the numerator.
The special issue highlights some of the future directions of travel. Countries which already have national vaccine registers are now extending these to whole life and teenage and adult vaccine programmes. The potential for synergy (and efficiencies) with other public health programmes such as maternal screening/neonatal screening is being explored. There is an increasing automation of operational processes from patient reminders through to scanning barcoded vaccine products. These need to be more standardised and at least for the latter, buy-in from the vaccine manufacturers is required. The full surveillance and research potential of such systems (under appropriate governance) is only just being realised, particularly through linkage to other electronic health records and through direct contact with patients. For some countries, there are important operational, financial and governance challenges to their establishment, for example decentralised health systems or concerns about data confidentiality. Alternative solutions need to be found, and some countries have tried to collect vaccine uptake data in other ways -such as by the use of telephone surveys [9] . Despite these challenges, national vaccine registers can play a key role in the delivery of national immunisation programmes in many countries and make important contributions to achieving national and international control and elimination targets. Acknowledgments
